The use of alcohol is common enough to be a noteworthy item in attempts to elucidate the role of external factors in atherogenesis. Because valid observations on this point are made only with difficulty in man, the effect of continuous alcohol ingestion on atherosclerosis in chickens was studied. It appeared that alcohol caused a significant elevation of the plasma cholesterol and phospliolipid levels, but was without effect on aortic and coronary atherosclerosis, either spontaneous or induced.
T HE role of exogenous factors in the development of human atherosclerosis, has been widely investigated and discussed in recent years. Compared with the interest focused on food, smoking, physical activity, etc., the attention paid to the possible influence of alcohol ingestion on the progression of the atherosclerotic process has been relatively small. Although the old concept of arteriosclerosis as a direct outcome of the excessive use of alcohol hardly has support any more, the consumption of spirits is widespread and common enough to merit an evaluation of its possible relationship to atherosclerosis.
Most of the available evidence on this subject is derived from observations on heavy alcoholics. Autopsy data, unfortunately, are quite controversial. Thus, Wilens, 1 who studied the problem from the point of view of the low-fat diet consumed by heavy drinkers rather than from that of alcohol itself, could find no difference in the grade of atherosclerosis in chronic alcoholics and in abstainers or moderate drinkers. On the other hand, Edmondson, Hall and Myers 2 consider their material to show that alcohol clearly spares the coronary arteries from the development of atherosclerosis. Their result, however, is seriously invalidated by the lack of matched control material. A third opinion by Kimura 3 holds that atherosclerosis was more advanced
From the First Department of Medicine, University of Helsinki, Helsinki, Finland.
Supported by a grant from the Foundation for the Research of Alcohol Problems, Finland.
Received for publication August 25, 1958. iii men who habitually used alcohol and tobacco as compared to men who indulged in neither. Clinical experience on the relationship of alcohol consumption to coronary heart disease is even less extensive. Gertler et al., 4 in an analysis of young victims of myocardial infarction, found that they had consumed less alcohol but more of the concentrated alcoholic beverages than a healthy control group. Spain and Brad ess 3 reported a history of chronic alcoholism in 7 per cent of men who died of coronary occlusion, their age distribution being identical with that of the whole group. The authors believed that this finding militated against the concept that alcohol is a protective factor against atherosclerosis.
One approach is a study of the possible effect of alcohol ingestion on experimental atherosclerosis in animals. Although the results need not be valid for the human disease, the great advantage of strictly-controlled conditions with only one variable makes such a study valuable. Since a review of the literature on this subject disclosed only 2 experiments 6 ' 7 made with a small number of rabbits, a more extensive study with cholesterol-fed cockerels was undertaken. Since that time, a similar approach has been published by Nichols et al., 8 who were unable to demonstrate any effect of alcohol ingestion on spontaneous or stilbestrol-induced atherosclerosis in chickens. Their series contained, however, a large proportion of birds which did not develop atherosclerosis at all, a circumstance which may mask the possible ameliorating effect of the alcohol.
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METHODS
The experiment was started with 210 Leghorn cockerels 7 weeks of age. Until this time all had been fed a commercial chicken feed. The animals were randomly divided into 6 groups of equal size and each bird was weighed and equipped with a number ring. The external conditions of each group (light, temperature, size of the cage, etc.) were made as similar as possible.
The experiment was designed in such a way that the possible effects of alcohol ingestion on atherosclerosis in both directions were detectable. This was achieved by including control groups known to develop minimal (spontaneous), moderate (cholesterol feeding), and severe (cholesterol and low protein diet 9 ) atherosclerosis. There were 2 methods of alcohol intake to choose from : the intermittent ingestion of concentrated (20 to 40 per cent) solutions or the continuous use of diluted solution as drinking "water." Although the first procedure better fits the human conditions, the latter is more practical and was therefore selected. The alcohol intake was adjusted to a level giving an average blood concentration of 50 mg./lOO ml. in the animals with free access to the drinking fluid. Blood alcohol analyses from a number of birds given alcohol in various concentrations ad libitum showed that drinking of a, 7 per cent (v/v) solution of ethanol yielded afternoon levels from 30 randomly selected animals which varied from 10 to 130 mg./lOO nil., with an average of 55. This mixture was used as the sole drinking fluid for the "alcoholic" birds.
The treatment given to each group is shown in table 1. Both food and drink were given ad libitum. A new batch of both was prepared every fifth day, at which time the consumption could be easily controlled. The intake of both lood and fluid was identical in each group on a similar diet, but it was somewhat lower in the low-protein groups (C) than in the others. Alcohol analyses were carried out of the content of the drinking vessels to ascertain that the concentration did not change between two fillings.
The duration of the experiment was IS weeks. During this time 37 animals died and were excluded from the series. Venous blood samples were withdrawn for lipid analysis after an overnight fast before the treatment was begun and at the end of the fifth, eleventh, and eighteenth weeks of the experimental period. The birds were then killed by decapitation and the dead weight was recorded. On autopsy the heart and aorta with its main branches were removed in one block and carefully evaluated, without staining, for the presence and degree of macroscopic atheromatosis. Rings of the aorta were then dissected for histologic analysis from the areus and from the levels immediately proximal to the renal arteries and the bifurcation (irrespective of the site of a possible atheroina). The heart was stored as a whole for histologic analysis of the coronary arteries. The liver was weighed and a specimen of it dissected for microscopic analysis. All observations on each bird were recorded on a card carrying its reference number, without any knowledge of the experimental group from which the number was derived. After all the data were collected, the cards were distributed according to a list made at the original grouping.
Estimation of Degree of Atherosclerosis. The most difficult problem confronting each investigator of experimental atherosclerosis is the finding of a method for grading of the arterial lesions which is quantitative enough to permit mathematical treatment. Some aspects of this issue have been recently discussed by Orma, 10 who criticized the apparent non-linearity of many of the earlier grading systems and used a "descriptive semi-quantitative" classification instead. The following grading system was applied in the present study for the lesions of the abdominal aorta and iliac arteries. In spite of the figures used the scale is, of course, not necessarily linear: Grade 1, macroscopic or microscopic lesions that are slightly yellow but are not elevated; grade 2, several separate lesions of grade 1 and/or one clearly visible yellow patch elevated from the surrounding, with the largest diameter not exceeding 2 mm.; grade 3, several separate lesions of grade 2 and/or one XIKKILA, OLL1LA true atheroinatous plaque clearly elevated from the surface and the diameter greater than 2 mm. The histologic equivalent of this lesion is characterized by marked lipid infiltration and thickening of the intimal and subintimal layer and narrowing of the media; grade 4, several separate lesions of grade 3 and/or one large atheroma narrowing the vascular lumen to more than one-half the original diameter; grade .5, gross ntheronmtosis of the whole abdominal aorta and its branches.
Estimation of the degree of atherosclerosis of the thoracic aorta and brachiocephalic arteries is even more difficult and therefore the classification was made only by means of the descriptive terms "intact," "slight yellowness," and "marked yellowness." A thickened intimal layer and foam cells in a loose medial tissue form the histologic picture of "slight yellowness;" these changes are more accentuated and a visible intimal accumulation of lipid material is present in "marked yellowness." Calcified lesions or necrosis of the arterial wall were not found.
Methods of Chemical Analysis. Cholesterol was determined from heparinized venous plasma samples by the method of Pearson, Stern and McGavack. 11 The distribution of cholesterol into a-and /?-lipoproteins was determined at the end of the experiment from 10 randomly chosen birds in each group as follows: A plasma, sample of 0.2 nil. was fractionated by electrophoresis on a Munktell 20 filter paper sheet. After the run the paper was dried and a strip was cut from the edge and stained for protein with Amido black. The remaining unstained strip was cut into 2 pieces of equal size, the a fraction containing the areas covered by albumin and a-globulins and the /8 fraction the areas of f3-and y-globulins and the starting line. Both papers were cut into small pieces which were extracted in centrifuge tubes with a solution containing 6 ml. of acetic anhydride, 2 ml. of 12 per cent p-toluenesulphonie acid in acetic acid, and 0.4 ml. of glacial acetic acid. The macerated residue was centrifuged down and 4.2 nil. of the clear supernatant was transferred to a test tube and 0.4 ml. of concentrated sulfuricacid was added. After 10 min. the optical density of the green solution was read in a Beckman B photometer at 540 ni/x. The density of a paper blank was subtracted and the amount of cholesterol present in both fractions was calculated by means of 2 cholesterol standai-ds included in each series. The range of recovery by this procedure was from S2 to 104 per cent.
Plasma phospholipid determinations were carried out only at the end of the experiment by the conventional procedure of wet ashing followed by the Fiske-SubbaRow phosphorus analysis. The blood alcohol concentration was determined by the method of Widmark.
Statistical Treatment. If not otherwise stated the significance of differences was tested by applying the £-test or, in the case of unequal variances, the Behrens-Fisher method. A difference was regarded as significant at the probability level of 0.01.
RESULTS
Body Weight. The mean body weights of each group at the end of the experiment are given in table 1. Though there exists some differences between the groups given different food, the water and alcohol groups do not differ significantly from each other. Thus, the amount of extra calories provided by alcohol is not great enough to produce any fattening. The mean gain in weight during the experimental period was .12.6 per cent/week.
Plasma Total Cholesterol Level. The mean values and their standard errors for each group before, during, and at the end of the experimental period are given in table 2. In the groups on a normal diet without cholesterol supplementation (A) a rising trend in the plasma cholesterol level with age is obvious. Furthermore, throughout the experimental period the concentration was significantly higher in the alcohol than in the water group. Cholesterol supplementation (B) led to an initial rise of: the plasma cholesterol level, followed by a distinct decrease at (or before) the eleventh experimental week and another increase towards the end of the experiment. Again, the ethanol-receiving group had higher levels than the control one, the difference being significant, however, only at the terminal values. The same statements are valid also for the low protein and cholesterol fed animals (C). The response of the serum cholesterol level to cholesterol feeding is much greater when alcohol ingestion is combined with deficient protein intake (C P ) than when the latter is adequate (B e ). On the other hand, a moderate protein deficiency alone (C\ v ) is not sufficient to alter the response from the normal (B w ). and the data are presented in table 3 which also contains the mean values of the cholesterol/phospholipid ratio in each group. It is evident that the plasma phospholipid level is, on an average, higher in the birds receiving alcohol than in the water controls. The difference is significant in groups A and C but not in group B. The cholesterol-fed groups (B and C) differ from each other only in the ethanol series. Comparison of the C/P ratios (by testing the differences of expression log c-log p) indicated a significant difference between the water and ethanol groups. Plasma Lipoproteins. For practical reasons the study of lipoproteins had to be limited to 10 randomly chosen plasma samples from each experimental group. The results recorded in table 4 indicate the resistance of a-lipoproteins to all the treatments given (ethanol, cholesterol, low-protein diet). The increment of cholesterol consists of low-mobility (low-density) lipoproteins. The slight but significant difference in the a-lipoproteincholesterol between groups Aw and A e should be interpreted with reservation because of the small amounts of cholesterol present in these analyzed samples.
Plasma
Atherosclerosis. The distribution of severity of atheromatosis is apparent from tables 5 and 6. Comparison of the distributions applying the chi-square method shows that the ingestion of alcohol is without effect on the incidence and severity of aortic atherosclerosis. Group A shows a significantly lesser degree of atheromatosis than groups B and C, which, on the other hand, do not differ from each other.
A Vithin each dietary group the ethanol and water subgroups are identical in this respect. Atheromatous changes in the coronary arteries were found rather infrequently and without any significant intergroup differences (table 6) .
Because these results pointed to a possible protective effect of alcohol it was necessary to test the real validity of this impression before anv conclusions could be drawn. We do not know of any other way to do this than to assume that the grading scale used for the quantitation of atherosclerosis is really linear and then to compare the coefficients of regression of the grade of atheroma versus the plasma cholesterol level in the water and ethanol groups. The regression lines and equations fitted by the method of least squares are presented in fig1. 1. The difference between the slopes (b) is not significant at the 0.05 per cent level, thus indicating that alcohol is ineffective against the arterial lipid deposition at any given plasma cholesterol level. The reader should, however, be aware of the fact that this conclusion may be erroneous since it is based on an assumption the correctness of which cannot be ascertained.
Histology of Live?-. All animals of group A and B showed a similar, normal liver structure. In the birds held on a low-protein regimen (C w and C e ) the liver cells were often vacuolized and the cell boundaries diffuse. Patty degeneration and connective tissue proliferation were absent in all the specimens studied. The changes were apparently not more advanced in the ethanol than in the water group. Although the hypercholesteremia is the main causative factor in atherosclerosis in a cholesterol-fed animal, the intimal accumulation of lipids need not be dependent on this factor only. A clear example of this is presented by the great variability of the serum cholesterol level at which an individual animal (cholesterol-fed or not) develops about the same degree of arterial lesion. An atheromatous response not predicted from the serum cholesterol level is further demonstrated by the alloxan-diabetic rabbit 11 ' and the estrogen-treated chicken. 13 The results in the present series suggested that chronic alcohol ingestion, besides promoting l^-pereholesteremia, to some degree protected the arteries from the damage predicted b3 r the plasma cholesterol concentration. However, because of the extremely great variance of the plasma cholesterol level within each severity class of atherosclerosis, the difference remained statis-ALCOHOL AND ATHEROSCLEROSIS 593 tically insignificant. The results of Eberhard 8 and of Feller and Huff 7 on rabbits were somewhat similar, though they remain inconclusive due to the small number of animals studied.
The unchallenged increasing effect of alcohol on serum cholesterol and phospholipid levels calls for more detailed investigation. A tentative explanation for it is suggested when the recent experiments of Siperstein and Fagan 14 on the regulation of cholesterol and fatty acid synthesis by pyridine nucleotide coenzymes are combined with the known DPX-dependent metabolism of ethanol. On the other hand, the histologically unchanged structure of the liver is not an adequate reason to exclude the possibility of hepatic failure to excrete cholesterol and to convert it to bile acids.
In the present series the plasma cholesterol level showed a time-dependent fluctuation which is similar to that noted in many previous experiments. 10 ' 15 Its resemblance to the general response curve following any kind of stress is noteworthy.
SUMMARY
The effect on plasma lipids and on aortic and coronary atherosclerosis of the continuous use of 7 per cent ethanol solution as the sole drinking fluid was studied in 173 cockerels. The severity of atherosclerosis was varied by feeding the animals a normal diet, a normal diet plus cholesterol, or a low-protein diet plus cholesterol. The groups receiving ethanol showed significantly higher plasma levels of cholesterol and phospholipid than controls, whereas the grade of atheromatosis was not influenced by alcohol ingestion. In spite of these findings it was not possible to demonstrate any statistically significant protective effect of alcohol against the atherosclerosis-inducing power of hypercholesteremia.
